The vectorcardiographic loop was classified into 8 types according to the direction of inscription in 3 planar projections. Types of the T-loop were examined with the spatial orientation of it and some characteristic types observed in left and right ventricular hypertrophy were described. The concept of the polar vector was used in expressing types of the loop and in studying geometrical properties of it.
The vectorcardiographic loop was classified into 8 types according to the direction of inscription in 3 planar projections. Types of the T-loop were examined with the spatial orientation of it and some characteristic types observed in left and right ventricular hypertrophy were described. The concept of the polar vector was used in expressing types of the loop and in studying geometrical properties of it.
I N the study of vetorcardiography, the direction of inscription of the vector loop constitutes an important information which is difficult to be obtained by other method. While the direction of inscription of the QRS-loop has been studied by many investigators, relatively few reports')-') have appeared concerning that of the T-loop.
The following report includes our observations on the direction of inscription of the T-loop and on the spatial orientation of it in various conditions. The concept of the polar vector was used in studying the geometrical properties of the loop. Some observations were made also on the QRS-loop.
MATERIALS AND METHODS
A total of 353 cases examined, include 30 normal and 151 hypertensive cases, and 172 cases with acquired or congenital heart disease. Hypertensive cases were divided into 2 groups according to absence or presence of cardiac complaints: group I of 108 cases were free from them and group II of 43 cases had complaints such as anginal attacks or marked extracardiac signs of congestive heart failure. Acquired valvular disease includes aortic valvular disease (19 cases), mitral stenosis (31 cases) and mitral stenosis and regurgitation or combined aortic and mitral lesions (70 cases). Cases with congenital heart disease consist of 30 cases with atrial septal defect of ostium secundum type, 7 cases with pulmonary stenosis and 15 cases with trilogy, tetralogy or pentalogy of Fallot. In majority of cases with congenital heart disease, the diagnosis was confirmed by cardiac From the Second Department of Intermal Medicine, Faculty of Medicine, University of Tokyo, Tokyo. 586 catheterization.
Cases with definite evidences of bundle branch block or myocardial infarction were excluded from the study group.
In all cases, frontal, horizontal and right sagittal projections of spatial vectorcardiogram were recorded with the Frank lead system. In each plane, the directions of inscription of the T-and the QRS-loops were determined to be clockwise or counterclockwise. Figure-of to have the direction of inscription of the part enclosing larger area. The combination of the directions of inscription makes 8 types of the loop (Fig. 1) . In some cases, the direction of inscription could not be determined, for their loops were club-like in shape enclosing no area or efferent and afferent limbs of the loop crossed to form 2 loops of equal area. When the direction of inscription was not determined at least in one plane, the type of that loop was "undetermined." Polar Vector: On the basis of the fact that the vector loop in many cases lies on one plane, a vector characterizing the loop named polar vector is defined by Burger5) as follows: the direction of the polar vector is perpendicular to the plane in which the loop exists, the magnitude of the polar vector is proportional to the area enclosed by the loop and the polar vector should be drawn at the side in which the direction of inscription of the loop was counterclockwise. Consequently, a given octant in space, to which the polar vector is directed, determines the direction of inscription of the loop in 3 planar projections (Fig. 1) . In Fig. 1 , it is shown that 8 types of the vector loop are equivalent to 8 octants to which the polar vector of that loop is directed. When the loop was club-like in one plane, the polar vector of it is on the border line of 2 octants. For instance, when the loop is club-like in frontal, counterclockwise in horizontal and clockwise in sagittal planes, it is of intermediate type between types 1 and 2. The polar vector of this loop is on the line (or plane) bordering octants 1 and 2. This loop is described as type 1-2.
In addition to these classifications, spatial orientation of the T-loop was described by the maximal vector and that of the QRS-loop by half area vector by Pipberger.6) Jap.
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RESULTS

Distribution
of all cases to types of the T-loop is shown in Table I .
In normal cases, only types I and 2 were seen, that is, the T-loop was inscribed counterclockwise in horizontal and clockwise in right sagittal planes. In 4 of 10 undetermined cases, the T-loop was of type 1-2 (clublike in frontal plane). In other 6 cases, the T-loop was of type 2-6 in 2, of type 2-3 in one case and in the remaining 3 it was club-like in 2 planes. In hypertension group I, there were 21 cases of abnormal types 5, 6 and 7. They are characterized by abnormal clockwise inscription in horizontal plane and in 3 cases of type 7, in addition, by counterclockwise inscription in right sagittal plane. In hypertension group II, similar inscription types were seen as in hypertension group I, but the percentage of abnormal cases was higher. In aortic valvular disease, 3 cases of type 3 were observed, that is, the T-loop was inscribed counterclockwise in sagittal plane and normally (counterclockwise) in horizontal plane.
In mitral stenosis, normal type 2 and abnormal types 3 and 7 were predominant and in 6 of 14 undetermined cases, the T-loop was of type Vol. 4 No. 6
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2-6. In congenital heart disease, the T-loop of abnormal types 6 and 7 were observed in most of the cases. In Table II , similar observations on the QRS-loop are shown. In Table II . Number of Cases with 8 Types of the QRSLoop in Various Conditions this table, it can be seen that normal inscription types 1 and 2 are predominant in various conditions but there are some cases of types 3 and 5 in aortic valvular disease, those of type 6 in mitral stenosis and those of types 3, 6 and 7 in congenital heart disease. Abnormal inscription of the QRS-loop was observed less frequently in left than in right ventricular hypertrophy. Comparing right ventricular hypertrophy due to mitral stenosis and to congenital heart disease, counterclockwise inscription of the QRS-loop in right sagittal plane was observed rarely in the former and commonly in the latter. Hypertension: Normal and abnormal types of the T-loop frequently seen in hypertension group I, were examined with the spatial orientation of the T-loop. Results are shown in Fig. 2 . Cases of normal inscription (types 1 and 2) were plotted in the most outside of concentric circular bands and compared with those of abnormal inscription in inner bands. In frontal plane, gradual increase in the rightward deviation of the T axis occurred from types 1 and 2 to types 5 and 6 in this order. In 3 cases of type 7, the T-loop was oriented right and superiorly. In hori-Jap. Heart J. N ovember, 1963 Similar observations were made on the cases of hypertension with cardiac complaints (hypertension group II) and the results were in Fig.  3 . In this figure, 3 undetermined cases of type 1-2 were plotted together with types 1 and 2 and one case of type 8 and one undetermined case of type 7-8 were plotted together with type 7.
The T-loop of types 1 and 2 in this condition was more widely distributed than in hypertension group I. Cases in which the T-loop of Type number characterizes the direction of inscription of the T-loop. 
DISCUSSION
Polar Vector and Its Relation to the Maximal Vector:-The concept of polar vector is based on the assumption that the vector loop lies on one plane. Since the configuration of the T-loop is relatively simple, the assumption appears more adequate than with the QRS-loop. Moreover, the T-loop is narrow and elliptical in shape, so that the polar vector and the maximal vector, consequently inscription and orientation of the loop are, to some extent, related, as expressed by the following rule of exclusion: when the loop is planar, narrow and elliptical in shape, the polar vector and the maximal axis of the loop is directed neither in the same, nor in the directly opposite octants in space. For instance, when the maximal T vector is in the left, anterior and inferior direction, its polar vector is directed neither in octant 3, nor in the octant 5 ( Fig. 5, C) , that is, the T-loop inscriptions of the type "clockwise in frontal, counterclockwise in horizontal and counterclockwise in sagittal planes" and of the type "counterclockwise in frontal, clockwise in horizontal, and clockwise in sagittal planes" are both excluded (Fig. 1) . When the loop is complicated in shape or it occupies several octants, this rule is not always correct. But in all of our cases, the T-loop satisfied the requirement of this rule. The rule does not imply that one of these 2 vectors is uniquely determined for a given direction of the other. Only 2 out of 8 octants are excluded and arbiturary directions are allowed in the remaining 6 octants. Another point that requires comment, is occurrence of the ST vector. The ST vector is usually small compared with the maximal QRS or T vector and it was neglected in examining the direction of inscription of the T-loop in this study. When the ST vector is sufficiently great, so that the QRS-and T-loop,are widely open and the direction of inscription of the T-loop may be obscured, the case must be abandoned for analysis. Left Ventricular Hypertrophy:-There have been previous observations by several investigators. Kimura1) reported changes in the direction of inscription of the T-loop in cases with restricted cardiac function. Portheine2) observed distortion of the T-loop frequently in decompensated cases with left ventricular hypertrophy. Nimura3) also observed these changes and described 5 types of the T-loop in left ventricular strain. His vectorcardiograms were recorded with Grishman's system but his types I and II correspond to our type 1 and 2, his type III to our type 5, his type IV to our type 6 and his type V to our type 7. And also in our cases, these types were frequently observed. Nimura pointed out an increase in number of incompetent patients from type I to V. In our observation, higher percentage of abnormal cases was noticed in hypertension with cardiac complaints (group II) than without them (group I) and the QRS-T angle is larger in types 5, 6 and 7 than in normal types, since the direction of the QRS-loop does not differ materially in these types and the T-loop deviates increasingly rightward and then superiorly.
In Fig. 6 , several types of the T-loop were described schematically with its polar vector. In this figure, the T-loop changes its direction rightward and then upward from type I to type 7 with directional change of its plane. Some relations between orientation and inscription of the loop could be interpreted in terms of the geometrical rule stated above. In average, the T-loops of types 2, 3 and 7 in mitral stenosis were posteriorly directed increasingly in this order (Fig. 4) . But in congenital heart disease, type 7 was not confined to the posteriorly directed T-loop.
In 4 cases with atrial septal defect, for example, normally oriented T-loop was of type 7. According to the geometrical rule, type 3 is excluded for leftward, anteriorly and inferiorly directed loop. Both type 3 and type 7 are allowed with the loop of posterior direction. These relations may play a role in determination of types of the T-loop.
Generally speaking, in right ventricular hypertrophy, difference between the directions of the T-loop of various types was not so marked as in left ventricular hypertrophy. There are considerable overlapped cases. 
